Introduction
============

Multidrug-resistant *Klebsiella pneumoniae* (MDR-Kp) affecting lung tissue or bloodstream is a life-threatening disease, especially for patients with poor immunity. Its early recognition and treatment is one of the most important factors for improving patient survival.[@b1-tcrm-13-1375] The dearth of effective treatment against MDR-Kp infections, and neutropenia and other immunological defects observed in patients with malignancies are the two major obstacles that make the outcome even worse.

Nivolumab is the first PD-1 inhibitor approved for use in patients with unresectable melanoma and lung cancer. It has been found that nivolumab therapy is associated with development of certain adverse events such as all-grade endocrine, cutaneous, hepatic and gastrointestinal toxicities, which are commonly described as immune-related adverse events (irAEs).[@b2-tcrm-13-1375],[@b3-tcrm-13-1375] In this report, we present a rare case of lung squamous carcinoma, which developed MDR-Kp pneumonia caused by nivolumab therapy-associated neutropenia.

Case
====

A 63-year-old man with lung squamous carcinoma and right pleural metastasis received nivolumab therapy due to failure of the first-line chemotherapy.[@b4-tcrm-13-1375],[@b5-tcrm-13-1375] Clinically, it was found that the primary lesion achieved rapid and partial remission, but the secondary fibrosis became more complicated after nivolumab treatment. After administering methylprednisolone, the radiological findings showed carcinoma regression.[@b6-tcrm-13-1375] Three weeks after starting the nivolumab treatment, the patient was noticed having serious neutropenia (0.43×10^12^/L), and newly developed fever as well as purulent sputum. Although neutropenia was completely cured by using G-CSF, infection by MDR-Kp was reported by microbiological culture assay. The strain is resistant to β-lactams, sulfonamides and quinolones. In addition, occurrence of a new lesion in the lower lobe of the left lung suspected to be carcinoma metastasis was revealed by chest CT. At that point, an antibiotic therapy was decided to be administered and adjusted according to the susceptibility of MDR-Kp. Following treatment with tigecycline and meropenem for \<2 weeks, the lesion in the lower lobe of the left lung was well controlled ([Figures 1](#f1-tcrm-13-1375){ref-type="fig"} and [2](#f2-tcrm-13-1375){ref-type="fig"}). The patient's legally authorized representative provided written informed consent for the patient's information and images to be included in this report. This case report was approved by the Ethics and Review Committee of the First Affiliated Hospital of Soochow University.

Discussion
==========

Infection is a common complication of chemotherapy in patients with malignancies. A number of novel targeted cancer therapies have been shown to decrease the risk of neutropenia; however, if a neutropenia-associated infection occurs, it will lead to a high rate of morbidity and mortality, prolonged length of hospitalization and significant economic losses. Here, we described a case of delayed hematological toxicity caused by nivolumab and its potential association with the hospitalization-acquired MDR-Kp pneumonia. However, it is unclear how nivolumab could cause delayed neutropenia, as it is generally not considered a cytotoxic chemotherapeutic agent causing neutropenia.

*K. pneumoniae* is one of the most important pathogens present in hospitals, and the multidrug-resistant strain is particularly concerning. Unresolved neutropenia, septic shock and failure of monotherapy are independent predictors of death.[@b7-tcrm-13-1375] Another treatment-related factor that could affect the outcome is the time of initiation of the effective antimicrobial treatment. This report illustrates a possible association of neutropenia and MDR-Kp infection. The susceptibility of the neutropenic cancer patient reported here to MDR-Kp may partly be due to the long-term therapy with immunosuppressive methylprednisolone administered for his secondary pulmonary fibrosis.

In fact, the patient received an empirical antimicrobial therapy when neutropenia was noticed. However, the delayed initiation of active treatment targeting MDR-Kp did affect the association between neutropenia and MDR-Kp infection. The efficacy of monotherapy with an aminoglycoside, colistin or tigecycline against MDR-Kp infections has been questioned by several studies, and particularly among patients in septic shock and in those with severe underlying diseases. Moreover, it has also been shown that aminoglycosides and polymyxins, when administered as single agents, are ineffective against Gram-negative infections in patients with a neutrophil count \<100 cells/mm^3^.[@b8-tcrm-13-1375]--[@b10-tcrm-13-1375] Unlike monotherapy, combination therapy has been found to be more effective and associated with a lower mortality rate. The MDR-Kp infection in the patient reported here was successfully managed with a combination of carbapenem and tigecycline.

Further evaluation is required in patients with a suspected metastatic and recurrent carcinoma, and an antibiotic therapy is valuable in these patients since a risk of hospitalization-acquired pneumonia may exist. The findings of this report may assist physicians in making treatment decisions for neutropenic cancer patients found to have abnormality in their chest images to reduce the risk of misdiagnosing infectious lesions as tumor metastasis.[@b11-tcrm-13-1375]

Taken together, in addition to irAEs, neutropenia might continue to be an issue in patients with malignancies receiving immune checkpoint inhibitor therapy. This case report supports the use of combination of tigecycline and meropenem in managing hospitalization-acquired pneumonia caused by MDR-Kp.
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![Overview of the clinical manifestation, monitoring and therapy from starting nivolumab administration (D0).\
**Abbreviation:** MDR-Kp, multidrug-resistant *Klebsiella pneumoniae*.](tcrm-13-1375Fig1){#f1-tcrm-13-1375}

![The case reached radiological regression, except right pleural metastasis, after applying methylprednisolone as the secondary fibrosis became complicated after nivolumab treatment (**A**). Along with neutropenia, occurrence of a new lesion in the lower lobe of the left lung suspected to be carcinoma metastasis was revealed by chest CT; right pleural metastasis was also enlarged (**B**). Following treatment with tigecycline and meropenem for \<2 weeks, lesion in the lower lobe of the left lung was well controlled (**C**).](tcrm-13-1375Fig2){#f2-tcrm-13-1375}
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